Molecular characterization of NMDA-like receptors in Aplysia and Lymnaea: relevance to memory mechanisms.
The N-methyl-D-aspartate (NMDA) receptor belongs to the group of ionotropic glutamate receptors and has been implicated in synaptic plasticity, memory acquisition, and learning in both vertebrates and invertebrates, including molluscs. However, the molecular identity of NMDA-type receptors in molluscs remains unknown. Here, we cloned two NMDA-type receptors from the sea slug Aplysia californica, AcNR1-1 and AcNR1-2, as well as their homologs from the freshwater pulmonate snail Lymnaea stagnalis, LsNR1-1 and LsNR1-2. The cloned receptors contain a signal peptide, two extracellular segments with predicted binding sites for glycine and glutamate, three recognized transmembrane regions, and a fourth hydrophobic domain that makes a hairpin turn to form a pore-like structure. Phylogenetic analysis suggests that both the AcNR1s and LsNR1s belong to the NR1 subgroup of ionotrophic glutamate receptors. Our in situ hybridization data indicate highly abundant, but predominantly neuron-specific expression of molluscan NR1-type receptors in all central ganglia, including identified motor neurons in the buccal and abdominal ganglia as well as groups of mechanosensory cells. AcNR1 transcripts were detected extrasynaptically in the neurites of metacerebral cells of Aplysia. The widespread distribution of AcNR1 and LsNR1 transcripts also implies diverse functions, including their involvement in the organization of feeding, locomotory, and defensive behaviors.